Introduction
Quinine free base is expected to form complexes w ith tran sitio n m etal ions, because of th e electron donating properties of its quinuclidinic and quino linic nitrogen or its hydroxyl oxygen. In th e present stu d y several quinine complexes w ith tran sitio n m etal chlorides were prepared and th eir I R and visible UV spectra were examined. The inform ation draw n, m ay be useful in a tte m p t ing to clarify th e mode of th e coordination of the prepared complexes. The complexes a r e : 
Experim ental
Quinine free base (puriss.) was supplied from F luka Co., m .p. 175°C and [a]^ = -153 ± 3° (c = 1.5% in CHCI3). T ransition m etal chlorides were purchased from Alfa Inorganics Co. All chemicals were used w ith ou t fu rth er purification. scopic grade acetone were added a t 10 °C w ith stirring drop by drop to a concentrated solution of 2 g (0.0062 m ) quinine free base in acetone. A blackgreen precipitate was obtained, which was quickly filtered in a dry box and th e n dried for two days in vacuum over P 20 5. The dried com pound was a black-green solid, very slightly soluble in w ater and acetone, insoluble in ethanol and DMF.
A n a lysis F ound: C = 44.48, H = 4.68, Cu = 18.32, Calcd:
C -45.62, H = 4.56, Cu = 18.12. The analysis corresponds to a ratio of CuCl2 to quinine equal to 1.5.
The com pound was obtained by th e same proce dure as in a) from 2 g (0.0062 m ) of quinine free base and 1.34 g (0.01 m ) of CuCl2 in acetone. D ark yellow solid, slightly soluble in w ater and acetone, soluble in DMF and insoluble in ethanol. The compound was dried over P 20 5 in vacuum for tw o days. The green solution was ev aporated in vacuum and a blue-green hydroscopic solid was obtained. By addition of absolute ethanol th e obtained solid slowly tu rn s to blue. A fter standing for one night a t 0 °C th e blue crystals were filtered from th e blue ethanolic solution and dried in vacuum over P 20 5. A blue-green solid was obtained, soluble in w ater, slightly soluble in acetone and ethanol. The com pound was obtained from c) by heating a t 100 °C in high vacuum over P 20 5. The com pound is a light green solid, insoluble in w ater, ethanol and DMF very slightly soluble in acetone. Visible and UV spectra in solution wrere ob tained by Carl-Zeiss P M Q II and U nicam SP8000 Spectrophotom eters. Diffuse reflectance spectra were obtained by a U nicam SP700 spectrophoto m eter w ith a reflectance a tta c h m e n t using MgO as reference. IR spectra were recorded on a Beckm an IR 9 and a Perkin-E lm er 521 spectrophotom eter.
The visible spectra in solution were obtained either in w ater or in spectroscopic grade DMF. For comparison, the visible spectra of CuCl2 and CoCl2, were also obtained in DMF solution. UV spectra were obtained in w ater solution. In high dilutions the complexes are destroyed. IR spectra of th e solids wrere obtained in K B r discs.
The m agnetic susceptibilities of th e complexes in the solid state were m easured by a Gouy balance a t 19 °C. The obtained m agnetic susceptibilities were subjected to the diam agnetic corrections and th e resulted m agnetic m om ents are reported in the Table IV .
Copper, nickel, cobalt and chrom ium were a n a lysed by the standard procedures by dissolving the complexes in 20% H 2S 0 4.
Results and Discussion

I R spectra
The IR spectra of the quinine m etal chloride adducts can only be in terpreted qualitatively be cause of the com plexity of the q u in in eIR spectrum . As shown (Table I ) quinine exhibits a strong broad band a t 3230 cm-1 which is due to the stretching vibration of its secondary hydroxyl v (OH). In all prepared complexes except th e hydrates, th is band becomes sharper and is shifted by 190-230 cm-1 to higher frequencies w ith a sim ultaneous decrease of its intensity.
Upon deuteration the complex quinine • 2 CuCl, shows in the I R spectrum considerable decrease of the intensity of th e 3420 cm-1 band and appearance of a new band a t 2920 cm-1.
These results indicate th a t th e quinine hydroxyl group in the complexes is probably coordinated to the m etal ion. An analogous situation was observed in th e complexes of th e tran sitio n m etal ions w ith alcohols, exhibiting a broad absorption band a t about 3400 cm-1 which is assigned to the coordinated O -H stre tc h 2.
Quinine, free base shows a sharp band a t 2960 cm -1 and a shoulder a t 3050 cm-1. The band p ro b ably is due to th e C -H stretching vibration of th e quinuclidine ring and the shoulder to th e C -H stretsch of the quinoline ring. The 2 quinine • 3 CuCl2 complex does not show a shift of th e 2960 cm -1 band, but a considerable broadening of it. The 3050 cm-1 shoulder becomes a weak band at 3090 cm-1. In the quinine • 2 CuCl2 complex the 2960 cm-1 band of the quinine is considerably decreased in intensity and is shifted to 2990 cm-1. The 3050 cm-1 shoulder becomes a weak band at 3080 cm -1. In th e quinine • 2 NiCl2 complex the 2960 cm -1 band of th e quinine is also decreased in inten sity b u t rem ains unaltered in position. In the quinine • 2 CoCl2 com plex th e corresponding bands are observed a t 3030 cm -1 and 3080 cm-1. In the complex quinine • 3 CrCl3 • 6 H 20 th e 2960 cm-1 band becomes a shoulder. Since th e stretching v ibration frequencies of th e piperidine rings are slightly shifted to higher frequencies w ith a con siderable decrease of th eir intensities when the nitrogen is coordinated3, it is assum ed th a t in the prepared complexes th e m etal ion is bound to the quinuclidine nitrogen. Sim ilarly in th e complexes, the quinoline nitrogen is coordinated since the C -H stretching vibration of the quinoline ring usually shifts to the higher frequencies after coordination4. In the quinine IR spectrum a well defined sharp band appears a t 1630 cm -1, which is a typical band due to the ring v ibration of the carbocyclic ring of th e quinoline m oiety5. This band in th e complexes 2 quinine • 3 CuCl2, quinine • 2 CrCl2, quinine • 2 CoCl2 and quinine • 2 NiCl2 rem ains unaltered both in intensity and position. This is expected because th e effect of th e coordination as far as the vibration is concerned cannot be tra n sm itte d to th e carbocyclic ring of th e quinoline p a rt of th e quinine m ole cule.
A m edium in ten sity sharp b and is observed a t 1600 cm -1 in th e quinine IR spectrum . This band can be assigned to th e -C = N -rin g v ib ratio n of th e quinoline ring. In quinine • 2 NiCl2 and quinine • 3 CrCl3 • 6 H 20 complex th e b and shifts to 1550 cm -1. There are evidences th a t th e -C = N -rin g vibrations are shifted to the lower frequencies w ith decrease of their intensities after coordination of th e nitrogen with the m etal ion6. We can assum e th a t in these complexes th e m etal ion is coordinated w ith th e quinolinic nitrogen. In all other complexes th e band rem ains unaltered in position b u t its in ten sity is considerably dim inished. In th e com plex quinine • 2 CuCl2 th e 1600 cm -1 band becam e a shoulder.
In th e region 1400-1000 cm -1 of th e quinine IR spectrum the assignm ent of th e bands cannot be m ade easily because all bands due to th e skeletal vibrations of th e different p a rts of th e molecule overlap.
In te rest can be focussed on th e 1300-1400 cm -1 region of th e spectrum of th e quinine molecule and its complexes. C o u l d e n 7 has d em o n strated th a t the in-plane hydroxyl bending v ib ratio n frequency < 5 (OH) is sensitive to alteratio n s caused by chelation w ith m etal ions of th e hydroxyl group in th e lac tates. This band usually occurs a t 1275 c n r 1 and is shifted after th e OH chelation to higher fre quencies a t 1390 cm -1 w ith an increase of its in te n sity. For th e secondary hydroxyl groups d (OH) is usually located a t 1310-1330 cm -1. I n th e quinine spectrum a weak broad band appears a t 1335 cm -1 which after coordination shifts to 1375-1390 cm -1 for all exam ined complexes w ith an increase of its intensity and becom ing sharper. T his effect is probably due to th e OH chelation w ith th e m etal ion. The increase of th e in ten sity of th e shifted band is more pronounced in th e quinine • 3 CrCl3 • 6 H 20 complex.
Betw een 1200 and 1000 cm -1 th e quinine I R spectrum is considerably changed w hen quinine is coordinated w ith th e tran sitio n m etal ions. There are three bands in th e quinine I R spectrum betw een 1000 cm -1 and 1200 cm -1 : th e 1045, 1110 and 1140 c n r 1 bands. F o r th e 1140 and 1110 cm -1 b an d th e assignm ent is difficult owing to th e OCH3 group of the quinine molecule.
The 1045 c n r 1 b and is possibly due to th e sec ondary hydroxyl stretching vibration j-'(C-O); sec ondary hydroxyl x'(C-O) vibrations are usually located in the 1120-1090 c n r 1 region. B ranching in a position w ith arom atic rings lowers th e frequency8. In all quinine complexes the 1045 cm-1 band shifts to lower frequencies w ith a considerable decrease of its intensity. There are m any reasons to believe9 th a t the ^(C-O) vibration of the hydroxyl group shifts to lower frequencies by 20-25 cm -1 w ith a sim ultaneous decrease of its intensity, when the OH group is coordinated to th e m etal ions.
Visible U V spectra
O ctahedral environm ent seems to be followed by the complexes in DMF solution as well as in the solid state except for the complex quinine • 2 CoCl2 for which tetrah ed ral structure is concluded.
The complex quinine • 2 CuCl2 in DM F solution exhibits absorption bands a t 723 (102) and 790 (98) nm (e) which are due to th e 2T2g 2E g transition. In the quinuclidine • CuCl2 complex in the solid state this transition is located a t 847 nm , as it is found by th e diffuse reflectance sp ectra.10 In the complexes 2 quinine • 3 CuCl3 and quinine • 2 CuCl2 in the solid state the transition is located a t 705 nm and 814 nm , respectively. CuCl2 in DM F exhibits a band a t 842 nm (57) and a shoulder a t 750 nm (33). The shift to the shorter w avelengths w ith a sim ul taneous increase of the intensity of th e absorption in the complex is due to the com plexation of quinine w ith Cu(II). The Cu(II) of th e complex in solution is presum ably coordinated in th e axial positions by DMF.
In the complex quinine • 2 CoCl2 in DM F solution the 663 (487) and 607 nm (302) bands as well as the 662 (321) and 600 nm (212) of CoCl2 in DM F can be correlated to the 4T X (P) 4A2 (F) tran sitio n of the tetrah ed ral Co(II). These bands are located a t 645 and 610 nm in the solid state. In th e blue te tr a hedral complex 2 quinuclidine • CoCl2 th e band is located a t 599 nm 10, as it is found by diffuse reflectance in the solid.
For th e complexes in aqueous solutions the following correlations11 can be m ade (Table I I ) : The transitions 3T lg 3A 2g 725 nm (2.1) and iEg <-3A 2g 658 nm (1.9) for th e N i(H 20 ) 62+ ion can be correlated to th e 706 (7) and 650 nm (6) bands of the complex quinine • 2 NiCl2 • 8 H 20 .
The transition 4T lg(P) < -4T lg(F) 516 nm (4.6) for th e Co(H 20 ) 62+ ion can be correlated to the In the u ltraviolet quinine above 250 nm shows strong bands due to th e n -+ n * transitions of the quinoline rin g 12. The longer w avelength transition a t 332 nm corresponds to th e xLt, state and the shorter a t 280 nm to th e 4L a state (Table III) .
Diffuse reflectance spectra in th e solid state reveal th a t all prepared complexes possess these UV transitions 
M agnetic moments
The cupric complex exhibits a m agnetic m om ent which is typical for an octahedral structure and Table III arises from the spin-only value augm ented by the spin-orbit coupling. For th e N i(II) complex th e m agnetic m om ent is close to the spin-only value for tw o unpaired electrons. The low m agnetic m om ent of the cobaltous complex indicates an ap p ro x i m ately tetrah ed ral structure, since in th e high-spin d 7 tetrah ed ral stru ctu res the orbital m om ent should be quenched in co n trast to th e high-spin octahedral
